Background Advanced practice providers (APPs) are important members of stroke teams. Stroke code simulations offer valuable experience in the evaluation and treatment of stroke patients without compromising patient care. We hypothesized that simulation training would increase APP confidence, comfort level, and preparedness in leading a stroke code similar to neurology residents.
Background
Advanced practice providers (APPs) are important members of stroke teams. Stroke code simulations offer valuable experience in the evaluation and treatment of stroke patients without compromising patient care. We hypothesized that simulation training would increase APP confidence, comfort level, and preparedness in leading a stroke code similar to neurology residents.
Methods
This is a prospective quasi-experimental, pretest/posttest study. Nine APPs and 9 neurology residents participated in 3 standardized simulated cases to determine need for IV thrombolysis, thrombectomy, and blood pressure management for intracerebral hemorrhage. Emergency medicine physicians and neurologists were preceptors. APPs and residents completed a survey before and after the simulation. Generalized mixed modeling assuming a binomial distribution was used to evaluate change.
Results
On a 5-point Likert scale (1 = strongly disagree and 5 = strongly agree), confidence in leading a stroke code increased from 2.4 to 4.2 (p < 0.05) among APPs. APPs reported improved comfort level in rapidly assessing a stroke patient for thrombolytics (3.1-4.2; p < 0.05), making the decision to give thrombolytics (2.8 vs 4.2; p < 0.05), and assessing a patient for embolectomy (2.4-4.0; p < 0.05). There was no difference in the improvement observed in all the survey questions as compared to neurology residents.
Conclusion
Simulation training is a beneficial part of medical education for APPs and should be considered in addition to traditional didactics and clinical training. Further research is needed to determine whether simulation education of APPs results in improved treatment times and outcomes of acute stroke patients.
Recent advances in acute stroke care with thrombolysis and thrombectomy have significantly reduced morbidity and mortality. [1] [2] [3] However, a significant number of patients do not receive thrombolysis or thrombectomy. 4, 5 Lack of physician experience and confidence with tissue plasminogen activator (tPA) contributes to the underutilization of these treatment options. 6 In academic centers, neurology residents are the first responders to stroke codes in the emergency department (ED). Therefore, it is important to provide adequate stroke code training to residents to improve confidence and efficiency. 7 An emerging practice is incorporation of advanced practice providers (APPs) into stroke response teams, a model that has been successful in delivering thrombolytic therapy to patients with ST elevation myocardial infarction. [8] [9] [10] [11] We tested the hypothesis that stroke simulation training would improve confidence levels in both APPs and neurology residents.
Methods
Standard protocol approvals, registrations, and patient consents This study was approved by the institutional review board (IRB) of Spectrum Health (Grand Rapids, MI). We obtained an IRB waiver for permission to use the participants' responses without their explicit consent. This is a prospective quasi-experimental, pretest/posttest study without a control group. Stroke code simulations were performed at the Graduate Medical Education Simulation Center. Each room was equipped with a hospital bed and chairs for family and faculty preceptors, and had video recording capability. A presimulation survey was completed by all residents and APPs. A presimulation briefing covered the logistics of the simulation and comprehensive stroke center protocols for acute stroke management.
All neurology residents and APPs were required to complete formal NIH Stroke Scale training prior to the program. Simulation cases consisted of 3 patient scenarios: (1) a patient presenting within 2 hours of last known normal with a large vessel occlusion, (2) a patient presenting within 6 hours of last known normal and a large vessel occlusion, and (3) a patient presenting with intracerebral hemorrhage. Stroke unit and ED nurses acted as standardized patients and family members. Each case had a neurology and emergency medicine faculty member assigned to precept, and all the interactions were videotaped. All neurology residents and APPs rotated through each of the cases. Feedback was provided by the faculty preceptors at the conclusion of each case and a debrief session was conducted at the conclusion of the simulation exercise led by the director of the comprehensive stroke center.
All participants completed a postsimulation survey. The presimulation and postsimulation surveys contained questions based on a Likert scale. 12 Preevaluation and postevaluation was examined by APP and neurology resident status using generalized mixed modeling with sandwich estimation assuming a binomial distribution (1) (2) (3) (4) (5) , where observations were nested within subjects. Models were fitted using the GLIMMIX procedure with SAS software 9.4 (SAS Inc., Cary, NC). Multiple comparisons were adjusted using the Tukey-Kramer correction. Alpha was established a priori at the 0.05 level and all interval estimates were calculated for 95% confidence. 
Results

Nine neurology residents
(3 third year residents, 6 second year residents) and 9 APPs (6 physician assistants and 3 nurse practitioners) participated in the simulation. None of the APPs had any familiarity with managing acute stroke codes. Both APPs and neurology residents demonstrated improved confidence in managing stroke codes after the simulation training (table). The magnitude of this change was not different between APPs and residents for any question (p =
Discussion
Medical education via simulation training continues to be an area of growth and interest. Our study demonstrates that simulation-based acute stroke training of neurology residents and APPs improves confidence in leading a stroke code to a similar degree. We also show that a simulation-based approach for acute stroke is feasible.
Acute stroke is a medical emergency with high mortality and morbidity that requires rapid evaluation and effective decision-making for optimal treatment. Previous research has demonstrated improvement in door to needle times for tPA administration following stroke simulation training for neurology residents. 7 Academic medical centers are able to achieve prompt response to acute stroke by utilizing neurology residents Each case had a neurology and emergency medicine faculty member assigned to precept, and all the interactions were videotaped.
Both APPs and neurology residents demonstrated improved confidence in managing stroke codes after the simulation training.
to respond to stroke codes, rapidly evaluate patients, and facilitate decisions for neuroimaging and treatment. 13 However, duty hour regulations have restricted on-site coverage by neurology residents. 14 This gap has been addressed by the addition of well-trained APPs to the treatment team. Moreover, not all stroke centers have neurology residents who can respond to stroke codes. The addition of APPs to neurology teams is further supported by inadequate numbers of neurologic experts available to take care of patients with neurologic disorders. 15, 16 APPs are currently providing neurologic services in the inpatient as well as outpatient setting. 17, 18 Therefore, there is a considerable need for training them effectively to take care of neurologic patients.
We found that although APPs had lower comfort and confidence level in taking care of an acute stroke patient prior to simulation as compared to neurology residents, they achieved similar levels of confidence after the simulation. This finding highlights the need for continued education of APPs with structured didactics and simulation training not only for acute stroke but other aspects of neurologic care. Neurologic residency for APPs has already been proposed as a mechanism to accomplish this. 19 Simulation may play an important role in such a curriculum.
Our study has limitations. We were unable to control for prior exposure to stroke codes for both residents and APPs on presimulation survey; nonetheless, no differences at baseline were observed between residents and APPs, except for confidence to lead a stroke code. Moreover, this study provides an assessment of perceived confidence among the participants, which does not necessarily reflect comparable degrees or competence on realworld patient care or patient outcomes. Since the confidence assessment occurred immediately following training, we also do not have data regarding the sustainability of confidence levels among residents and APPs over time. Finally, our results may not be generalizable to other centers without similar simulation facilities, though simulation may be practiced in a variety of settings.
Further research is needed to determine whether simulation education of APPs results in improved treatment times of 
